Nocturnal sleep organization was compared in normal infants and those "at risk" for sudden infant death syndrome (SIDS) (siblings and near-miss infants). Before 12 weeks of age, sleep modifications were observed in "at risk" infants. During their sleep they had a smaller percentage of intervening wakefulness with a higher amount of active sleep. Quiet and active sleep episodes had longer durations resulting in a longer sleep cycle. After 12 weeks, sleep organization tended to normalize. This fact is discussed as a possible factor for a SIDS event: a higher arousal threshold could play a critical role if homeostasy is disturbed during sleep, mainly at an age when the homeostatic control is not fully established. Abbreviations SIDS, sudden infant death syndrome W, wakefulness AS, active sleep QS, quiet sleep TS, transitional sleep C, control S, siblings NM, near-miss Polygraphic recordings in infants "at risk" for SIDS have been extensively carried out since the first Steinschneider paper (37). This author hypothesized a relationship between SIDS and apnea occurring during sleep. Therefore, most studies since then have been devoted to physiological functions during sleep such as respiratory, cardiovascular, and autonomic systems, gastrooesophageal reflux, etc. as reviewed by Hoppenbrouwers and Hodgman (19) and Kelly and Shannon (24).
Polygraphic recordings in infants "at risk" for SIDS have been extensively carried out since the first Steinschneider paper (37) . This author hypothesized a relationship between SIDS and apnea occurring during sleep. Therefore, most studies since then have been devoted to physiological functions during sleep such as respiratory, cardiovascular, and autonomic systems, gastrooesophageal reflux, etc. as reviewed by Hoppenbrouwers and Hodgman (19) and Kelly and Shannon (24) .
Sleep organization with relation to SIDS has only been taken into account in the past few years (4, 12, 15, 31) . The period between 6 and 12 weeks of age appears to be critical in the development of many physiological functions: circadian rhythm (25) , body temperature [Jundell as cited by Minors and Waterhouse (29) ], heart rate (14, 16) , respiratory rhythm (7, 20) , electrodermogram (6) , as well as sleep organization (30) .
The aim of the present study is to compare the sleep organization of normal and "at risk" infants of about the same age corresponding to the maximum frequency of SIDS events.
MATERIALS A N D METHODS
Nocturnal sleep organization was studied in 77 infants ages between 4 weeks and 12 months (35 boys, 42 girls). The population was distributed as follows (Table 1 ). There were 19 control infants (8 boys, 1 1 girls) having no pathological antecedents either personally or within the immediate family. Fifty-eight infants were "at risk" for SIDS divided into 24 siblings (9 boys, 15 girls) of an infant who died as a result of SIDS but who themselves had no personal pathology and 34 near-miss infants (18 boys, 16 girls) having suffered one or more episodes of unexplained apneawith or cyanosis necessitating vigorous stimulations or mouth to mouth resuscitation for survival.
All these children were full-term babies with Apgar scores and birth weight in the normal range. Most of them had been hospitalized for at least 2 days prior to the recording session whereas only a few came directly from home in which case the mother was present in the laboratory during the entire recording night and was responsible for feedings.
The 77 nocturnal polygraphic records analyzed in this study correspond to the 77 children. Some of the children were recorded several times, but for the present study only the first recording was taken into account. The records had a mean duration of 474 min (SD = 14.5) and were performed in the sleep laboratory between 20.30 and 07.30. The classical polygraphic method was used: electrodes were pasted to the scalp for the electroencephalogram, to the chin for the electromyogram, and to the thorax for the electrocardiogram. An accelerometer was fixed to one eyelid for the electro-oculogram. Respiration was recorded at three levels: nasal with nasal thermistors, thoracic, and abdominal with graphite rubber belts. Six electroencephalogram derivations adapted from the International 10-20 electrode system were used: FP2-C4, C4-02, 02-T4 and FPl-C3, C3-01, 01-T3.
The recordings were visually scored by 20-sec epochs. Based on our previous study of sleep organization in normal babies (30) , the population was divided into two age groups, under and over 12 weeks of age, a time which represents an important step in sleep maturation. Because of the limited number of infants, a more detailed analysis of the influence of age was not performed. In order to compare the intrasleep organization, whatever the age, only four stages were identified: intervening wakefulness, active sleep, quiet sleep, and transitional sleep, according to the criteria established by Anders et a/. (I), Souquet et a/. (36) , and Dreyfus-Brisac et a/. (8) . The scoring criteria have been described in a previous publication (30) .
After visual scoring of the records, the different data involving sleep and spontaneous awakenings were computer analyzed. Absolute and relative amounts of sleep states during the entire night, hour by hour and cycle by cycle, were computed and the hypnograms were printed by computer program. AS cycle length was measured from the beginning of one AS episode to the beginning of the next. AS episodes separated by less than 15 min were grouped together, and the mean length of AS and QS episodes were calculated from all continuous episodes equal to or more than, respectively, 3 min for AS and 5 min for QS. The respective numbers and mean duration of awakenings were analyzed for durations of >20 sec, >1 min, and >5 min. The statistical study was done by means of one-way analysis of variance. A preliminary brief report has already been published for some of these results (32). Table 2 gives for the three groups the mean durations of night recordings and percentages of W, QS, AS, and TS. This clearly shows that night sleep composition varied among groups before 12 weeks of age but did not differ after this age. Significant differences were observed for W and AS. The near-miss group had the lowest amounts of W and the highest of AS; the siblings were between the controls and the near-miss infants for both stages. The amount of QS was increased in siblings and nearmisses compared to controls but in a nonsignificant way.
RESULTS
Internal sleep organization. Table 2 gives the significant differences obtained for sleep .parameters among groups before and after 12 weeks of age. Differences in total amounts for infants before 12 weeks are related to 1 ) a decrease in the mean duration of the awakenings longer or equal to 5 min. The number of these awakenings >5 min expressed for 100 min of sleep was similar for all three groups (C = 3.8,
2) The mean duration and the rhythm of occurrence of AS episodes were 3) Although the total amount of QS was not significantly different among groups, the mean duration of QS episodes was longer in NM infants. Thus, the NM group seemed to have more stable episodes both of QS and AS and shorter durations of awakenings. After 12 weeks of age, some differences in intrasleep organization were still observed; the AS rhythm of NM remained longer than in the other groups, while the mean duration of QS episodes tended to approach those of the other groups.
Sleep organization within groups b o r e and uper 12 weeks of'
age. The significant differences between and after 12 weeks of age within groups are indicated in Table 3 . In control infants over 12 weeks, total amounts of W were significantly lower than for those under 12 weeks. In the other two groups, similar amounts of W were observed at both ages. The increase of QS with age was observed in the three groups and was more pronounced in the C infants. The percentage of AS did not change with age in the C and S groups while it decreased significantly in the NM group (Table 4) . Figure 1 gives the mean number of all awakenings per 100 min of the different sleep stages for the two age groups (kSI5) and separately for C, S, and NM. Awakenings were significantly less frequent during QS than during AS or TS in both age groups Thus, to summarize our results, infants at risk for SIDS exhibited less intervening wakefulness and more AS during their sleep before 12 weeks of age. Beyond this age, sleep organization tended to normalize. 
DISCUSSION
Previous results in normal infants (30) have evidenced a noticeable change in sleep organization between 6 and 12 weeks of age marked by an increase of QS and a decrease of W, changes which appeared near the age of both spindle maturation and circadian rhythm occurrence (18, 28) . These results are in agreement with other studies showing that 3 months of age is a critical step in the wake-sleep cycle (5, 11, 17) . After that age, AS is mainly distributed during the night and W during the day (9), suggesting that the main characteristics of the nycthemeral rhythm are established around 3 months. For all these reasons, we divided our population according t o age: under and over 12 weeks. The aim of the present study was not to analyze precisely the effect of age on sleep-wake organization; considerably larger groups would have been required.
In the present study as well as in a few others, at risk infants, usually under 12 weeks of age, have exhibited differences in their sleep organization when compared to normal infants of the same age. These differences mainly concerned the characteristics of intrasleep awakenings, active sleep, and sleep-wake temporal sequence. Our results in a transversal study indicating a lower number of spontaneous awakenings during sleep in at risk infants are in agreement with the general findings of a decrease of intrasleep wakefulness in other studies (4, 15) . In a longitudinal study, Challamel (11 ul. (3) found that N M infants woke up less often but for a longer period of time than normal infants between 2 and 3 months of age. Harper ct al. (15) observed longer interawakening periods and an absence of short W epochs in at risk infants of the same age. The longer duration of AS and QS episodes resulting in a longer AS cycle in NM infants found in our study could be due to this absence of short awakenings.
As in our study, a significant increase of AS in N M infants was noticed by Harper cjt a/. (15) and in many other studies (3, 12, 13, 34) . Other sleep abnormalities have been found in NM infants, namely an excessive variability of sleep spindle frequency (26) before 6 months of age and disruption of sleep stage patterns from the first week of life to 6 months of age (1 3).
All these results indicate a relative inability of at risk infants to awake from sleep, whatever the stage, and to maintain these awakenings. These sleep disturbances seem more marked around 2 and 3 months of age, but they have been observed as early as the first week of life (1 3) and seem to continue to some degree until 6 months (13, 34) . We also noticed a longer AS rhythm and a decrease in the number of awakenings in AS in NM infants after 3 months.
These data support a developmental disturbance of the sleepwake organization in at risk infants which tends to progressively normalize around 6 months of age or even later.
The relative inability of at risk infants to arouse from sleep could lead to a SIDS event. In a normal subject, a n arousal response represents a major protective mechanism when a sudden disturbance of the level of any physiological variables (blood pressure, blood gases, heart rate, body temperature, etc.) occurs. If the homeostatic feedback controls are insufficient to reestablish normal values, the arousal response allows a rapid return to optimal capacity of homeostatic regulation. During sleep, the threshold for an arousal response is increased, particularly during AS. Such a mechanism has been especially studied for the respiration function by Phillipson (33) and Sullivan (39) and such hypothesis has been discussed by Hoppenbrouwers and Hodgman (19) and Guilleminault et a/. (10) . These last authors noticed in NM an increase of the number of apneas just before an awakening.
In has been shown that thresholds for regulation of some physiological parameters in rapid eye movement sleep (for instance, hypercarbia or hypoxia) are higher and less precise than in non-rapid eye movement sleep (33) . Therefore, the increased amount of AS in at risk infants could be a n additional factor of risk of a SIDS event. In babies, the mechanism controlling the homeostatic regulation is probably not yet fully matured. An incomplete maturation of the control mechanisms by the autonomic and central nervous system is suggested by the variability of the main physiological functions observed during the period of emergence of the circadian rhythm (20, 29) . The stability of the circadian rhythm is not achieved before 6 to 8 months of age and sometimes later (38) . All this suggests a higher probability of dysregulation in infants than in adults; thus, the integrity of the arousal response is crucial for survival in the first months of life, and if this response fails to occur, a SIDS event might result.
Recently Hunt et a/. (21) as well as McCulloch el ul. (27) gathered evidence of a higher arousal threshold both to hypercapnic and hypoxic tests in NM infants, a result which indicates a specific factor for SIDS risk. But Ariagno rt a/. (2) failed to find significant differences in ventilatory response to hypercarbia in NM and control infants. Moreover, Shannon et ul. (35) found evidence of abnormal ventilatory regulation in NM for SIDS compared to normal controls of similar age. Weissbluth (41) also hypothesized a relationship between progesterone blood level, sleep apneas, and a higher arousal threshold leading to a n in-A S Q S T s Fig. 1 . Mean number of awakenings for 100 min of a given sleep stage for the whole population (*, +SE) and separately for C, S, and NM. The ltjihund c.1trvc.c represents the values before 12 weeks of age and the riglliiiund c11rl3es are those found after 12 weeks.
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creased risk of a SIDS event in infants with a lethargic temperament. In addition, Kahn el al. (23) suggested a role of vagal hypersensitivity in the physiopathology of SIDS.
In addition, factors common to all babies, could occasionally depress the arousal response. Among these are: the appearance of the circadian rhythm between 2 and 3 months; the circadian trough of vigilance mechanisms at the end of the night; an occasional sleep deprivation; central nervous system depressants (22) , etc.
Therefore, two different types of factors of risk can be described: 1) those which play a role in homeostatic control and/ or the probability of a disturbance of this homeostasy; and 2) those which depress the arousal response if a noxious event (such as gastro-esophageal reflux, hyperthermia, hypercapnia, etc.) occurs. Any of these factors could be present either permanently or occasionally, but when they occur simultaneously they could result in a SIDS event. Thus, those infants who do have one of these factors permanently should be considered to be at risk. Furthermore, a depressed arousal response may better explain the possible roles of many factors of risk for SIDS already described in epidemiological studies (40) ; none of these factors alone could be responsible for a SIDS event. For the present, it seems that a multifactorial process is the most reasonable explanation of SIDS events.
